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1. INTRODUCTION

Experiinent 787 at Brookhaven, a collaboration of groups from Brookhaven, Los Alamos,
Prinzeton, and TRIUMF, is designed to search for rare 't decays, including K+ — n*vis,
Kt s a*tutu~, and Kt = n*~4. The experiinent uses a low-energy, 775-MeV K+ beam
from the Low Energy Separated Beam at the Alternating Gradient Synchrotron. The typical
kaon intcasity entering the detector is ~ 8 x 10* kaons per 1.8-second spill.

2. DETECTOR

The detector, as shown in Fig. 1, resides inside a 1-T, 3-m-diameter, conventional
solenoidal magnet. The kaon beam is degraded in Be() and stopped in a segmented scintillat.
ing fiber target, yiclding ~ 1.5 x 10* stopped kaons per spill. Charged particles from the 't
decay are momentum anndyzed by o eylindrienl drift chamber and subsequently stopped in
n segmented scintillator range stack. Range stack counters are instrumented with transient
digitizers, which perform an 8-bit digitization of the phototube output every 2 ns, in order
to observe the 7% = ut = et decay sequence for stopped pions. Deployed radially outside
the range stack and covering either end of the eylindrieal detector is a Ar.or electromng:

netie enalorimeter twelve to fifteen radintion lengtha thick, consisting of many thin Inyers
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Fig. 1. Schematic side (a) and end (b) views showing the upper half of the E787
detector.

of lead and plastic scintillator. The detector can, therefore, determine the range, eneryy,

and momentum for each charged particle, and identify particles from the decay sequence.

3. Kt —ntuw

To search for the rare decny Kt -+ xtvis, events are sclected which have one positive
track that is consistent with a 7t through the #+ — u* — e* decay sequence, have
approximately no energy in the photon veto, and satisfy various other selection criteria.
Figure 2 shows tle range versus kinetic energy for single track events having measured
momentum in the interval 205 < P, < 243 MeV/c. The rectangular box indicates the
search region for K* — n*vi. As no events are observed in the signa. region, we obtain
90% C.L. upper limnits' of B(K*+ — n*tvi) < 3.4 x 1078, using a total acceptance of 0.0055
and a total of 1.24 x 10!° stopped kaons acquired during a two-week periocd. This limit
represents a four-fold improvement over the previous search for this decay, but is still well
above the Standard Model prediction.

4. OTHER RARE K+ DECAYS

The experithent is also sensitive to many other rare knoa decays. Table I shows the limits
of various deeny maodes prior to this experiment? = and after our 1088 two week engineering
18,7

run %" The last colunn shows the predicted branching ratio® =10 for deeay maodes expected

to occur in the standard model of electrowenk internctions. From data collected in 1989 and
1990 we expect a twenty-fold incrense in sensitivity, which should improve the limits in
Table I by more than an order of magnitude and enable us to observe unnmbignously the
decuy Kt — w¥p* - for the first time,
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Fig. 2. Range versus l.inetic energy for events satisfying the sclection criteria and
having measured momentum 205 < Py < 243 MeV/c. The rectangular box indicates
the search region for K+ — n*vi.

Table I. Rare kaon decay limits set by BNL experimernt 787.

K* Decay Old Limit 1988 E787 Limit Prediction
K* = ntup 1.4x10"7 34x 107" (1-8)x 1010
Kt - rntX 4.5x 10~ 6.4 x 10°° -
R* 2 r*H H — ytu~ 2.4 x 10-¢ 1.5 x 1077 -
Kt s ntutu- 24x 108 2.3x10°7 ~5x 108
R* = propty= - 4.1 x 1077 ~10°%
Kt — ntyy 84x10°° 1.0 x 1078 ~ 1077
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